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Abstract: To optimize solar spectroradiometers on satellites, a spatial turntable is designed according to
performance indexes; finite element analysis is conducted and the properties of the prototype are tested.
First, various articles were consulted to determine the fundamental structure of the turntable, and the azi-
muthal structure was selected. By researching the properties of different materials, M55J carbon fiber—
which uses TC4 inserts for connection—was chosen as the main material for the turntable. The three main
parts of the turntable are designed based on topological results and engineering experience; thus, a turnta-

ble frame with a size of 966 mm X 400 mm X 730 mm and mass of 27. 3 kg is designed. Next, simulation
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analysis is carried out, from which the natural frequency of the entire turntable is established as 58 Hz.
This implies that the strength and stiffness of the turntable fulfill the optimization criteria. Finally, resis-
tance and thermal vacuum tests are conducted on the prototype. Test results showed that the natural fre-
quency of the turntable was 53 Hz and the variation of the turntable’s natural frequency was within 2% (si-
nusoidal vibration) and 4% (random vibration). Furthermore, we observed that the turntable functioned
normally in a vacuum. Accordingly, the proposed design is tenable.

Key words: spatial target detection; 2-D turntable; carbon fiber structure; topology optimization; finite

element analysis
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Tab.1 Main performance indexes of TY turntable
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Fig. 1 Overall layout of TY turntable
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Tab.3 Test conditions of sinusoidal excitation

71 W% /Hz  #R%%(0—P) E%ﬁ%/
(octrmin ')
5~12 5.18 mm
12~25 3.0g
il 25~35 HPER] 5. 25¢
35~65 5.25¢
65~70 T YER 3. 75¢ )
70~100 3.75g
5~12 12.94 mm
Y.Z 12~65 7.5g
11 65~70 it 5. 25¢
70~100 5.25¢

Joz it R S S T N 6 B 6 A B8R L A it in
W E AW, IFTE X, Y, Z =07 ) b 47 1E 5%
Jil 43 B o Fe ki 4 15 865 4~ BTG, A% AR AU 4l [ 8
Fii7s o g3 B A U B 48001 3 Bir 3 38 53 31l Oy 54.0,
59.5 F1 101. 6 Hz, IF 5% ¥ Jil 43 A 45 2R 40 3 4 fr
LU TB SR — B 4 8 1 ] 9 B o

K8 UJEH M %A
Fig.8 Mesh model of U-shaped frame
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Tab.4 Deformation and stress of U-shaped frame under sinusoidal excitation

I /mm Bk 2T 4 J2 I 11 /MPa
V!
U, U, U, USUM Y BN BN A Wit %E
X 4. 282 0.121 3.998 5. 646 438.5 9.9 12.3 1400
Y 0.223 8. 594 3.581 8. 644 823. 4 16.9 22.8 20
V4 0.122 0.043 1.252 1.253 247.0 6.2 6.1 56
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Fig.9 First-order vibration shape of U-shaped frame

SYMTES R, U206 2 Bk e br L O
TEIE 5% PR sl 16 FH R 6 A2 5 B 00K, R & B A 45
3798
4.2 HEEBEKHBELSN

MK Hl = i S MR R X B 5 K UK TE AT A
R4y, Hodp o g ot DU B I AR, N
T 7 E R A DG B T Y AR L, AR R
A N | S S 2 R VAR e BT AN o1 Q2N
SR X HL B BRI ST Ek . % T R
W4y AT AT Ak, 2 BRIVE TR Ay, Rl R AN B S
FLE 5, NS o E 25, A R RBE2 5T
B ESI S RS E I PN U VAR V1 W R LSV
W R ST R T BR T AAE R ) .
TSN 29 A R A BRI A PR SVE M B
B 75 455 76 26 Jifi .00 114 P 20 15 O T S AR R AR

10 HEAIL [ A% A Y
Fig. 10 Mesh model of complete machine

57 B A BR oG R AR AT 332 505 AN Lot H g
P 2 A & 10 fn o A B oo R A T 6 124
kg, WA T = 4E SR BB /Y 127 kg M 22 20 204,
ﬁﬁlﬂ%%iwﬁm@ﬁ%ﬂﬂm%mm¢i
B 050 7 5 A 3 S 4y, (HL T o 22 R AR /D
M A R 6 A% Y ) AT 5

Xt e R A B AT 4% 1, 7 R 45 R
A= S S aog 7 N N T BB N D I e
M RN, AR e W3R 5.

K5 REHWENE
Tab.5 Rules of safety margin

ERMAE ReWmE EEEMR RewE
i I 5 B 0 HIRRZ 0.25
e B 5i8 Z 0.12 TR R 0.25
T 0.25 Fe e BE 0.30

Horpr, 22 A BE A SLANTT

[o]
OMAX ><f

2 Lo SRy A B R 7 et R A PR sl 58t 8 A B )
v N X8 B AR B e K BT s A
F, %k e Al b B O3 A M b RL) L A =
1. 205 % F i IR W B G 1k 41 &), % & B 7 f
=1.35,

Xof A PR T AR AL AT AL 43 A AN 2 3 TR 1Y IE
5% 43 BT, 43 BT F 249 SRS o 2 DG 3 S 4R T Y
1442 FLAL |, 29 S A 1 S50 6 1 PR BE .
OIBTEE RN 6~F T M 11T R . ST s R %
1, 5% 6 BRI — B A% O 58 Hz, il = B A 7E
100 Hz AN 5 1E 5% 9% Bl i), 4% {5 #5410 g 1) 7 £
B AR T R A I E U R R R, AR

A BE R BEIR

M.S. =

—1, (2)

Fo6 BIAMERmE

Fig. 6 Six orders’ natural frequencies (Hz)
—B =K =br el H B Y
58 72 93 108 119 188




554 b= E I % 29 %
R EZRHMESMUBMNZEKEN
Tab.7 Maximum stress in each part under sinusoidal excitation
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Fig. 11 First-order vibration shape of turntable
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Tab.8 Results of vibration test

1E 5X 4% 2y Hif ERHREE Bl HL 4% 3 i R HLR 3 5
i Freq/Hz Amp/g Freq/Hz Amp/g Freq/Hz Amp/g Freq/Hz Amp/g
X 61.6 0.91 60. 3 0. 82 60. 3 0.82 60. 3 0.76
Y 53.6 0.59 52.7 0. 64 53.0 0.99 51.1 1.12
A 106. 6 1.44 107. 2 1.43 106. 6 1.66 103.9 1.58
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